Abstract. Beclin 1 has a central role in the regulation of autophagy, differentiation, apoptosis resistance, tumorigenesis and cancer progression. The role of Beclin 1 in the development of esophageal squamous cell carcinoma (ESCC) and its subsequent progression is not fully characterized. In the present study, the role of Beclin 1 and autophagy in ESCC was evaluated.
Introduction
Esophageal cancer is one of the most common types of cancer in a number of regions worldwide, particularly China, South America and Western Europe (1) . Esophageal squamous cell carcinoma (ESCC) is the major histological subtype of esophageal cancer, which predominantly occurs in China (2) . Multimodal treatment for patients with esophageal tumors has improved the survival rate and is regarded as the current standard of practice for patients following surgery (3) (4) (5) . Neoadjuvant chemoradiotherapy improves resectability, reduces the extent of disease progression, and improves local control, disease-free survival and overall survival rates when compared with surgery alone (6) (7) (8) (9) . Despite improvements in surgical techniques, radiotherapy and chemotherapy, the prognosis for ESCC remains poor, with a 5-year survival rate of <10% (10) . This is frequently due to extra-esophageal invasion and/or local lymph node metastasis, which may present in the early stages of ESCC (11) . The occurrence and development of esophageal tumors is caused by the cooperative action of a range of genes. Investigating the genes involved with the occurrence, development and metastasis of ESCC may improve the theoretical foundation of and identify potential targets for the treatment of this type of tumor.
Beclin 1 was the first mammalian autophagy protein to be described; it was identified as a homolog of an essential yeast autophagy gene (Atg6) (12) . Beclin 1 was demonstrated to be a positive regulator of autophagy (13) and a haplo-insufficient tumor suppressor that commonly exhibits reduced expression or becomes monoallelically deleted in certain cancer types (14) . However, the expression of Beclin 1 in ESCC tissues from patients, and its role in the occurrence and development of ESCC, have yet to be characterized. Furthermore, data regarding the effect of Beclin 1 expression on ESCC cell metastasis are not yet available.
In the present study, the expression of Beclin 1 mRNA and protein in ESCC tumor and adjacent normal esophageal tissue was investigated. It was identified that the expression of Beclin 1 protein is associated with ESCC progression. The downregulation of Beclin 1 was also demonstrated to be associated with the invasion and metastasis of ESCC cells. The results suggest that Beclin 1 may be a potential therapeutic target in ESCC. 
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Changes in Beclin 1 mRNA expression were detected and quantified relative to GAPDH mRNA expression by qPCR. Total RNA from ESCC tumor and adjacent tissue was extracted using TRIzol reagent (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) according to the manufacturer's protocol. qPCR testing was performed using a qPCR system (SYBR ® Premix Ex TaqTM II; Takara Bio, Inc., Japan) according to the manufacturer's protocol. The primers for Beclin-1 and GAPDH were as follows: Beclin 1 forward, 5'-CTG AGG GAT GGA AGG GTC-3' and reverse 5'-TGG GCT GTG GTA AGT AATG-3'; GAPDH forward, 5'-GAA GGT GAA GGT CGG AGTC-3' and reverse, 5'-GAA GAT GGT GAT GGG ATT TC-3'. Thermal cycling was performed with a 20-µl reaction volume in the PRISM 7000 Sequence Detection system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The PCR amplification conditions were as follows: 95˚C for 10 min, then 40 cycles of 95˚C for 5 sec and 60˚C for 30 sec. The expression of Beclin 1 mRNA was calculated and normalized against GAPDH mRNA expression (16); each data point was performed in triplicate. The mean value for Beclin 1 expression was used as the cut-off point to define high and low Beclin 1 expression.
Isolation of proteins and western blot analysis.
A total of 50 µl from each frozen tissue specimen was ground and homogenized in 1 ml of radioimmunoprecipitation lysis buffer (RIPA; Santa Cruz Biotechnology, Inc., Dallas, TX, USA) with complete protease inhibitor cocktail tablets (Roche Diagnostics, Basel, Switzerland). The homogenate was put into 1.5 ml centrifuge tubes and centrifuged at 16,000 x g for 30 min at 4˚C. The concentration of the supernatant was measured with the bicinchoninic acid protein assay (BCA) method. Total protein (50 µg) was resolved by 10% SDS-PAGE separating gel and transferred onto 0.22 µm polyvinylidene fluoride (PVDF) membranes. Subsequent to blocking in 5% skim milk for 2 h at room temperature, the PVDF membranes were respectively probed with mouse monoclonal goat anti-human Beclin 1 (cat. no. sc-48341; 1:100; Santa Cruz Biotechnology, Inc.) and monoclonal mouse anti-GAPDH (cat. no. sc-47724; 1:5,000; Santa Cruz Biotechnology, Inc.) overnight at 4˚C.
Following washing in 1X TBST 3 times, the PVDF membranes were then incubated with HRP-labeled goat anti-mouse IgG secondary antibody (cat. no. sc-2039; 1:5,000; Santa Cruz Biotechnology) at room temperature for 1 h and then were washed with 0.5% I-Block blocking buffer (Thermo Fisher Scientific, Inc.). The blots were incubated with chemiluminescence substrate (EMD Millipore, Billerica, MA, USA) and detected by an enhanced chemiluminescence assay. Densitometry was performed using Photoshop software (CS6; Adobe Systems, Inc., San Jose, CA, USA), normalized to GAPDH from the same blot image. Blot images are representative of ≥3 independent experiments.
Detection of acidic vesicular organelles (AVOs) with acridine orange staining. Acridine orange (Sigma-Alrich; Merck KGaA, Darmstadt, Germany) was added to the culture medium containing the human esophageal carcinoma EC0706 cell line (Shanghai Institutes for Biological Science of the Chinese Academy of Sciences, Shanghai, China) to a final concentration of 1 µg/ml and followed by incubation in the dark at 20˚C for 15 min. Samples were then examined under a fluorescence microscope. Acridine orange accumulation in acidic autophagic vacuoles caused the appearance of a granular distribution of bright red fluorescence in the cytoplasm, which was indicative of autophagosome formation. The extent of AVO fluorescence was measured with an excitation wavelength of 488 nm and an emission wavelength of 515 nm. The relative amount of AVOs was quantitatively determined according to the red-to-green fluorescence ratio, which was obtained using Photoshop software.
Transfection of Beclin 1 siRNA into EC9706 cells and detection cell invasiveness and metastasis.
A Beclin 1-targeting sense sequence and a universal negative control siRNA (cat. no. 12935-400) were purchased from Invitrogen (Thermo Fisher Scientic, Inc.). The targeting sequence for Beclin 1 (5'-GGG TCT AAG ACG TCC AACA-3') and the negative control siRNA were cloned into the BamHI and EcoRI sites of the pGSU6-GFP vector (cat. no. GTP600300; Genlantis, Inc., San Diego, CA, USA). Control and siRNA plasmids, and a recombinant pcDNA3.1-Beclin 1 plasmid (provided by Professor Qin Ye from Shanghai Institute of Digestive Surgery, Shanghai Jiao Tong University School of Medicine) were transfected into the human esophageal carcinoma EC9706 cells in Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, Inc.) with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) without antibiotics at 5% CO 2 and 37˚C once cells had reached 50% confluence into 6-well plates using Lipofectamine 2000 ® (cat. no. 11668019; Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's protocol. At 48 h following transfection, cells were washed with PBS three times. Whole cell lysate was extracted with RIPA lysis buffer, and then a western blot, as aforementioned, was performed to detect relative Beclin 1 expression in each group, and to confirm the effectiveness of Beclin1 RNA interference or upregulation.
Invasion assay. For the invasion assay, the inserted Transwell chambers (8.0 µm pore size; Corning Incorporated, Corning, NY, USA) were pretreated with Matrigel ® (diluted 1:6 in DMEM; BD Biosciences, Franklin Lakes, NJ, USA) for 2 h at 37˚C. Then, 6x x10 4 cells in 200 µl DMEM without serum were added in the upper chamber, while 600 µl DMEM medium with 10% FBS was placed in the bottom of wells. Cells were incubated at 37˚C with 5% CO 2 for 24 h. Cells that did not move to the lower chamber were removed from the topside. The cells were then stained in 2% crystal violet solution for 15 min and immersed in PBS for 10 min. Finally, the number of invading cells were counted under x200 fields using an inverted microscope (Leica Microsystems, Wetzlar, Germany). At least five random fields were selected, and the average number was taken. The data are presented as the mean ± standard deviation.
Statistical analysis. Statistical analysis was performed using SPSS software (v.13.0; SPSS, Inc., Chicago, IL, USA). Data are expressed as the means ± standard deviation of 3 individual experiments. Comparisons of quantitative data were analyzed using the χ 2 and Student's t-tests between two groups or by one-way analysis of variance for multiple groups with Fisher's least significant difference post hoc test. A log-rank test was performed to compared two survival curves between two groups. P<0.05 was considered to represent a statistically significant difference.
Results
Association between Beclin-1 mRNA expression and clinicopathological features. As summarized in Table I and Fig. 1A , the expression of Beclin 1 mRNA in ESCC tissue was significantly lower than in the adjacent normal esophageal tissue (P<0.05). Tumors that were less differentiated exhibited lower expression levels of Beclin 1 mRNA (P<0.05). Tumors from early stage (I/II) cancer presented with a significantly elevated expression of Beclin 1 mRNA compared with tumors from later stage (III/IV) cancer (P<0.05). The expression level of Beclin 1 mRNA was significantly lower in tumors from patients with lymph node metastasis than those without lymph node involvement (P<0.05). The expression level of Beclin 1 mRNA was not associated with a patient's age or sex, or the tumor size. Table I . Beclin 1 mRNA expression in esophageal squamous cell carcinoma tissue and its association with clinicopathological factors. Table III, The expression of Beclin 1 protein and cell invasiveness did not differ significantly between the untransfected and negative control siRNA control groups. These data indicated that an elevated expression level of Beclin 1 protein may decrease the invasiveness of the EC9706 cells, while a lowered expression level of Beclin 1 protein may promote the invasion of EC9706 cells.
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The median follow-up period was 33.59 months, with a range of 8-69 months. The 1-, 2-and 3-year survival rates for the entire patient group were 93.65, 58.73 and 34.92%, respectively. The survival rate of the Beclin 1-high group was significantly improved compared with the Beclin 1-low group (P<0.01; Fig. 3 ).
Discussion
The reported pattern of Beclin 1 expression in gastrointestinal cancer is not consistent. Previous studies have reported that Beclin 1 and autophagy were suppressed in hepatocellular carcinoma and pancreatic cancer (17) , but that they were elevated in colon and gastric cancer (18), compared with adjacent normal tissue. Ding et al (19) confirmed that the expression of Beclin 1 in liver cancer tissue was significantly decreased compared with adjacent tissue, and that Beclin 1 expression was associated with the occurrence and development of liver cancer. In the present study, it was determined that the level of mRNA Beclin 1 expression relative to GAPDH in ESCC tissue and adjacent normal tissues in patients was 63.49 and 92.85%, respectively. The expression of Beclin 1 mRNA and protein in ESCC were significantly downregulated compared with adjacent normal esophageal tissue (P<0.05). The more highly undifferentiated esophageal cells demonstrated lower expression levels of Beclin 1 mRNA and protein (P<0.05). The expression levels of Beclin 1 mRNA and protein were significantly higher in patients with early stage tumors (I/II; P<0.05). The expression levels of Beclin 1 mRNA and protein in tumors from patients with lymph node metastasis were significantly decreased vs. tumors from patients without lymph node metastasis (P<0.05).
Furthermore, the association between Beclin 1 expression and clinicopathological factors was assessed in 126 patients with ESCC. A high expression of Beclin 1, as determined by the mean expression level, was observed in 63.5% of ESCC tumors. Lymph node metastasis, the degree of tumor differentiation and the clinical stage were significantly associated with Beclin-1 expression; however, there was no significant difference in the expression of Beclin 1 associated with other features (age, sex, and size of primary carcinoma; Tables I  and II) . Previous study has revealed that autophagy serves an important role in many physiological functions; defects in this process have been linked to many types of cancer (20, 21) . Beclin 1, an autophagy execution protein, is considered a tumor suppressor protein in tumor biology (14, 22, 23) . The reduction of Beclin 1 expression in tumor tissue observed in the present study may be associated with the function of basal autophagy in maintaining homeostasis in normal tissue (20, 21) . Studies in transgenic mouse models have shown that the monoallelic deletion of Beclin 1 promotes tumor development (24) . The growth of colorectal cancer cells that overexpress Beclin 1 was observed to be reduced compared with mock-transfected cells (25) . Beclin 1 deficiency is also associated with increased angiogenesis (26, 27) .
In the present study, EC9706 cells were transfected with the pcDNA3.1-Beclin 1 plasmid or a Beclin 1 siRNA. Changes in cell invasiveness in these cells were then observed; EC9706 cells transfected with the pcDNA3.1-Beclin 1 plasmid were confirmed to overexpress Beclin 1 protein (P<0.01) and a significantly reduced number of cells crossed the Transwell chamber compared with the empty vector-transfected and untransfected control groups (P<0.01). EC9706 cells transfected with Beclin 1 siRNA exhibited significantly reduced Beclin 1 protein expression (P<0.01) and a significantly increased number of cells crossing the Transwell chamber compared with the control siRNA-transfected and the untransfected control groups (P<0.01). These results indicated that downregulating Beclin 1 may promote cell invasion, while upregulating Beclin 1 may reduce the invasiveness. We hypothesize that Beclin 1 is a microtubule-associated protein, and that it may regulate cell motility through modulating the stability of microtubules.
Surgical resection followed by multimodal therapy is considered as the standard treatment for patients with localized ESCC (3) (4) (5) . However, the problem of how to identify the patients likely to benefit from surgery is unresolved. In the present study, the elevated expression of Beclin 1 was identified as a favorable prognostic factor for ESCC patients.
In conclusion, it was identified that the expression of Beclin 1 is associated with the progression of ESCC, and that Beclin 1 upregulation is associated with a reduction in the invasive capabilities of ESCC cells. Examining the expression of Beclin 1 may contribute to improving the understanding of the prognosis of ESCC, and Beclin 1 may be a potential therapeutic target for treating ESCC. 
